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PURPOSE: To reconcile the dry and wet performance by providing straight grooves and 
zigzag grooves in a circumferential direction in particular zones relative to 
respective grounding widths, and forming the zigzag grooves by connecting 
circumferential unit grooves, having predetermined inclining angle, with 
subgrooves, having the inclining angles varying at predetermined rate, to be 
possible of see-through. 

CONSTITUTION: A plurality of straight grooves 1-1" are formed in a zone A formed in' 
37.5% range of a tire grounding width T at both sides in tire width direction from 
the equator line (1) of a tire. Zigzag grooves 2, 2' are formed in a zone B formed 
in 20-37,5% range of the tire grounding width T at both sides of the equator line 
(1) . The zigzag grooves 2 are formed by connecting a plurality of circumferential 
unit grooves 2 having an inclining angle a of 5°-25° relative to the tire 
circumferential direction E with subgrooves 3 to be possible of see-through. The 
subgrooves 3 have an inclining angle 91 of 40°-50° at the equator line (1) and an 
inclining angle 92 at a shoulder end 6 is set to become 85°-90°. According to this 
construction, the dry and wet performance can be reconciled. 
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and zigzag groove annularly arranged each on sides of tyre equator. 

ADVANTAGE - Provides improved dry performance while retaining percentage of groove 
areas for good drainage. y y 

In an example, straight grooves are in area from a tyre equator of up to 37 5% of 
tyre grounding width on sides in cross direction, while zigzag grooves in area from 
tyre equator of up to 20-37.5% of tyre grounding width on sides in cross direction. 
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1. Title: 



Pneumatic tire for passenger car 
2. Claims: 

A pneumatic tire for a passenger car is characterized by the 
following : 

Plural straight grooves are arranged annularly on tread in the 
peripheral direction and one zigzag groove is annularly arranged at each 
of both sides of the tire equator in the peripheral direction; said 
straight grooves are in area (A) from tire equator of up to 37.5% of 
tire grounding width (T) on both sides in cross direction, while said 
zigzag grooves are in area (B) from tire equator of 20-37.5% of tire 
grounding width (T) on both sides in cross direction; said zigzag 
grooves are constituted by connecting plural peripheral direction unit 
grooves via sub-grooves in cross direction, and the zigzag grooves are 
made see- through- able in the peripheral direction by slanting said 
peripheral unit grooves with a slanting angle (oi) of 5°~25° with respect 
to the peripheral direction; said sub-groove is slanted gradually in 
cross direction towards the tire travelling direction so that the 
slanting angle (6,) of the sub-groove at tire equator is 40°~50° with 
respect to peripheral direction, and the slanting angle (6 2 ) of the sub- 
groove at the shoulder edge is 85°~90°. 
3. Detailed explanation of the invention: 
[Technical aspects] 

This invention relates to a pneumatic tire for a passenger car that 
travels well on both a wet road (i.e., a wet performance) and a dry road 



(i-e., a dry performance). 

[Conventional techniques] 

conventional!,, - in order tQ prevent occurre ^ 

hya r o planing phenomenon on a wet ^ araining ^ Qf ^ ^ 

™ by increasing the percentage o( ^ tre ^ 

w-enrng the width of annular main grooves prwided ^ ^ 
peroral direction or of sub . groovea providea on ^ 
drrectron, or by lncreasin9 the number Qf ^^^^ a ^ 
smallest units constituting a tread pattern. 

However, i f the percentage o £ groove area is lncreased , Mock 
o, tne tread pattern decreases, causing decrease in tire 
characteristics, in particular, tne dry per £ or m a„ce sue. as tne circular 
turnrng c apab ii ity and the corner Curnlng ^ & 

a result, in order to i mpr ove tne dr y perror^ance, tne percentage or 
groove area has to be lowered. 

™us, as pertor.ance or passenger ca rs is being i mp roved, a 

:::: c tire f ° r * ~ - ~» « and 

neld PrOPe " y WlthOUt 10Weri " 3 C " — - — area is 

[Problems this invention intends to solve) 
^ This invention intends to solve the arore m entio„ed pro b le ras , and to 

Z o 7 3 PaSSen9er - *» "** — ~ is 

improved without lowering rha 

lowermg the percentage of groove area (i e the 

percentage of groove area is keDt at » i , • 

aonrf h ■ suitable for sustaining 

good draining property) . , 
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[Methods for solving the problems] 

The invented pneumatic tire for a passenger car is characterized by 
methods (1)~(4) shown below. 

(1) Plural straight grooves are arranged annularly on tread in the 
peripheral direction and one zigzag groove each is annularly arranged at 
both sides of the tire equator in the peripheral direction. 

(2) Said straight grooves are in area (A) from tire equator of up 
to 37.5% of tire grounding width (T) on both sides in the cross 
direction, while said zigzag grooves are in area (B) from tire equator 
of 20-37.5% of tire grounding width (T) on both sides in the cross 
direction. 

(3) Said zigzag grooves are constituted by connecting plural 
peripheral direction unit grooves via sub-grooves in the cross 
direction, and the zigzag grooves are made see- through- able in the 
peripheral direction by slanting said peripheral unit grooves with a 
slanting angle (a) of 5°~25° with respect to the peripheral direction. 

(4) Said sub-groove is slanted gradually in the cross direction 
towards the tire travelling direction so that the slanting angle (0,) of 
the sub-groove at tire equator is 40°~50° with respect to the peripheral 
direction, and the slanting angle (0 2 ) of the sub -groove at the shoulder 
edge is 85°~90°. 

In what follows, these methods are explained in detail by referring 
to accompanying figures. 

(1) Plural straight grooves are arranged annularly on tread in the 
peripheral direction and one zigzag groove is annularly arranged at each 
of both sides of the tire equator in the peripheral direction. 



Figure 1 is a plane diagram showing an example of tread pattern 
formed on tread of the invented pneumatic tire for a passenger car. In 
Figure 1, three straight grooves (1,1', and 1") are annularly arranged 
on tread in peripheral direction (E) . In addition, two zigzag grooves 
(2, 2') are arranged annularly on both sides of tire equator (t) in 
peripheral direction (E) . 

Zigzag grooves (2, 2') are provided in order to enhance dry 
performance. In other words, with straight grooves alone, although 
draining property can be improved, the road gripping force is not 
sufficiently strong enough. 

(2) Said straight grooves (1, l', i») are in area (A) from tire 
equator ({) of up to 37.5% of tire grounding width (T) on both sides in 
the cross direction, while said zigzag grooves are in area (B) from tire 
equator (!) of 20-37.5% of tire grounding width (T) on both sides in the 
cross direction. 

Straight grooves (1, l', i ■• ) are provided in area (A) because area 
(A) is the area that significantly contributes to draining in the 
peripheral direction. Zigzag grooves (2, 2') are provided in area (B) 
because, compared to area (A) , area (B) is the area that contributes to 
draining not only in the peripheral direction but also in the cross 
direction. 

(3) Said zigzag grooves (2, 2') are constituted by connecting 
plural peripheral direction unit grooves (4) via sub-grooves (3) in the 
cross direction. In other words, peripheral direction unit grooves (4) 
are separated by sub-grooves (3), and are mutually independent. The 
zigzag grooves are made see- through- able in the peripheral direction by 



slanting said peripheral unit grooves (4) with a slanting angle (a) of 
5°~25° with respect to the peripheral direction (E) . 

Slanting angle (a) of 5°~25° was chosen for the following reason. 

In other words, when the center line (m) of a peripheral direction 
unit groove (4) is drawn on sub -groove (3) as shown in Figure 2, groove 
area (S) of the peripheral direction unit groove (4) does not change, no 
matter how the center line (m) is slanted relative to peripheral 
direction (E) as demonstrated in Figure 3 (A) , (B) , and (C) . Figure 3 (A) 
represents a situation where direction of the center line (m) coincides 
with tire peripheral direction (E) . Figure 3 (B) represents a situation 
where direction of the center line (m) is slightly slanted from tire 
peripheral direction (E) . Figure 3 (C) represents a situation where 
direction of the center line (m) is significantly slanted from tire 
peripheral direction (E) . As the situation moves from that shown in 
Figure 3(A) to that shown in Figure 3(C), although the center line (m) 
is slanted more from tire peripheral direction, groove area (S) remains 
unchanged (i.e., S, = S 2 = S 3 ) . However, groove length (a) and groove 
width (b) are changed (i.e., a,>a 2 >a 3 and b,<b 2 <b 3 ) . Therefore, in order to 
improve dry performance without lowering draining capability, the center 
line (m) is allowed to slant from peripheral direction (E) within the 
range where a "see-through effect" can occur. "See- through effect" 
means that, on the tire grounding face, one can see through zigzag 
grooves in the tire peripheral direction. In order for the see- through 
effect to occur, zigzag grooves (2, 2') should have a certain width 
(w>0) in tire peripheral direction (E) . These inventors investigated the 
relationship between slanting angle (a) and draining property in order 



to determine the slanting of the center line (m) from tire peripheral 
direction (E) within the range where a see -through effect can occur. The 
result shown in Figure 4 was obtained from this investigation. Figure 4 
shows that the see- through effect occurs when draining property is 100 
or higher. It is known from Figure 4 that the see- through effect occurs 
when the slanting angle (a) is in the range between 5° and 25°. Further, 
it is preferable that the center line (m) be perpendicular to lug 
grooves (5), which are equivalent to sub-grooves (3) at the shoulder 
part, because as the angle between the center line (m) and lug grooves 
(5) approaches the right angle, groove length (a) is shorter and groove 
width (b) is wider; thus, water passage can be made wider and shorter. 
(S) corresponds to a case where the center line (m) is perpendicular 
(i.e., at 90° angle) to lug grooves (5). In this case, a=i5°. 

(4) Said sub-groove (3) is slanted gradually in cross direction 
towards the tire travelling direction (M) so that the slanting angle (9,) 
of the sub-groove (3) at tire equator (() is 40°~50° with respect to 
peripheral direction (E) , and the slanting angle (9 2 ) of the sub-groove 
(3) at the shoulder edge (6) (i. e., at the design end) is 85°~90° with 
respect to peripheral direction (E) . 

Sub-groove (3) is slanted gradually in the cross direction towards 
the tire traveling direction <M) in order to improve draining property. 

Slanting angle (9,) of 40°~50° is chosen for the following reason. 
If the slanting angle (9,) is less than 40°, a part having a sharp angle 
is generated in a block or in a rib, lowering rigidity in this part. 
Subsequently, other tire characteristics are poorly affected. If the 
slanting angle (9,) exceeds 50°, noise problems including pattern noise 



occurs . 

Slanting angle *(9 2 ) of 85°~90° is chosen for the following reason. 
If the slanting angle (9 2 ) is less than 85°, a part having a sharp angle 
is generated in a block or in a rib, generating a special wearing 
condition or causing a vehicle body to move to one side. If the slanting 
angle (6 2 ) exceeds 90°, similarly a part having a sharp angle is 
generated in a block or in a rib, causing a tire to hold water when the 
tire is turned to a designated direction. 
[Effects of the invention] 

As described thus far, the invented pneumatic tire for a passenger 
car is prepared by methods (1)~(4). Thus, dry performance can be 
improved while retaining percentage of groove areas for good drainage. 
In particular, dry performance and draining property during a straight 
drive or during a turning (i.e., turning a corner) can be improved. The 
invented tire is suitable as a pneumatic tire (having wide grounding 
width) for a passenger car. 

4. Brief explanation of figures: 

Figure 1 is a plane diagram showing an example of tread pattern 
formed in the invented pneumatic tire for passenger car. Figure 2 is 
diagram for explanation of drawing the center line of peripheral 
direction unit grooves on sub-grooves. Figures 3(A), (B) , and (C) are 
diagrams for explanation of slanting of peripheral direction unit 
grooves relative to tire peripheral direction. Figure 4 is a diagram 
showing the relationship between draining property and slanting angle 
(a) of peripheral direction unit grooves. 
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1, 1', 1" .. .straight grooves, 2, 2 '...zigzag grooves, 3... sub- 
grooves, 4. . .peripheral direction unit grooves, 5... lug grooves, 
6... shoulder edge. 
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Figure 2 
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Figure 3 
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Figure 4 
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[left axis:] draining property 



